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▼The baculovirus protein expression system enjoys wide
popularity due to high yields and eukaryotic post-
translational modification of expressed proteins (Ref. 1).
Commercial manufacturers also advertise easy purifica-
tion of recombinant proteins, especially when expressed
as fusion proteins with glutathione-S-transferase (GST) or
(His)6.
We expressed three different proteins as GST-fusion pro-
teins: the cytokine receptor induced by lymphocyte activa-
tion (ILA) (Ref. 2), lysosomal acid lipase and cholesteryl
ester transfer protein, using pAcG2T (PharMingen) or
pVL1392 (PharMingen) as vectors of recombinant viruses.
Amounts of fusion proteins produced varied and consi-
tuted in some experiments up to 10% of total cellular pro-
tein. However, fusion proteins could not be purified on
glutathione agarose beads. This was the case regardless of
whether the proteins were produced in Sf9 or High Five cells
(Invitrogen) and independent of the temperature the cells
were grown (23 or 27◦C), the culture conditions (spinner
or regular flasks) and the culture medium used [TC100 or
SF900 (Gibco BRL)]. Analysis of the individual purification
steps revealed that GST fusion proteins were insoluble or
only poorly soluble.
We employed several detergents in order to solubilize
a fusion protein of GST with the extracellular domain of
ILA (GST−ILA). The non-ionic detergents NP40, Tween 20,
Triton X100 and IPEGAL C630 at 0.5 and 2.5% were unable
to solubilize the protein (data not shown). GST−ILA could
be solubilized with 1 and 2.5% SDS, but we did not want
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to use this detergent because of its potentially irreversible
denaturing effects.
The inability of detergents to solubilize GST−ILA sug-
gested that it was not sequestered by membranes. Therefore
we reasoned that the protein was deposited in insoluble
structures similar to inclusion bodies found in Escherichia
coli .
For the purification of GST−ILA, we modified a protocol
for isolating proteins from inclusion bodies in E. coli (Ref.
3). We resuspended SF9 cells in phosphate-buffered saline
(PBS) and sonificated them in a Sonorex water bath (Ban-
delin) at 4◦C and 80−160W for 30min. After centrifugation
(12,000 g, 4◦C, 15 min) GST−ILA (arrow) was in the pellet
(Fig. 1, lane 4) and the supernatant (lane 3) was discarded.
For purification of insoluble precipitates, 1 ml PBS, contain-
ing 1% Triton X-100, was added to the pellet. The sample
was placed on a magnetic stirrer for 4 h at room temper-
ature and centrifuged (Fig. 1, lanes 5 and 6: supernatant
and pellet, respectively). The procedure was repeated once
(lanes 7 and 8). The final pellet was dissolved by stirring for
1 h in 10 mM cyclohexylaminopropansulfonate (CAPS),
pH 10.5, containing 6 M urea (Fig. 1, lane 9). After centrifu-
gation (12,000 g, 4◦C, 15 min), the GST−ILA containing
supernatant was used for further purification.
Since ILA contains nine disulfide bridges, we did not add
any reducing agents. After the solubilization of GST−ILA,
the solution was diluted rapidly with dilution buffer
(50 mM Tris, pH 7.0, 0.8 M NaCl, 1 mM MnCl2, 0.02%
Tween 20) (Ref. 4). We found it important to dilute the
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FIGURE 1. Solubilization, renaturation and purification of the fusion
protein of glutathione-S-transferase fused to the extracellular domain of
the cytokine receptor induced by lymphocyte activation (GST−ILA).
Lanes 1 and 10, molecular mass standard; lane 2, whole-cell extract of
uninfected SF9 cells; lane 3, supernatant of GST−ILA-producing SF9
cells after sonification; lane 4, pellet of GST−ILA-producing SF9 cells
after sonification; lane 5, first wash solution (supernatant) of insoluble
deposits; lane 6, insoluble deposits (pellet) after first wash; lane 7,
second wash solution (supernatant) of inclusion bodies; lane 8, inclusion
bodies (pellet) after second wash; lane 9, pellet of (8) disolved in 10 mM
CAPS, 6 M urea; lane 11, solution before adsorption on glutathione
agarose beads; lane 12, first eluate of GST−ILA from glutathione
agarose beads; lane 13, second eluate of GST−ILA from glutathione
agarose beads. The arrow indicates GST−ILA protein.
FIGURE 2. Induction of interleukin 8 (IL-8) mRNA expression by the
cytokine receptor induced by lymphocyte activation (ILA). Resting
peripheral blood mononuclear cells (PBMC) were plated on tissue
culture plates coated with 10 µg/ml of either glutathione-S-transferase
(GST) or GST−ILA. Induction of IL-8 mRNA (arrow) was
demonstrated by hydridizing the blot with IL-8 cDNA. Equal amounts of
RNA were loaded in each lane: 1, GST; 2, GST-ILA.
protein-containing solution at least 100-fold (final concen-
tration ∼10 µg/ml) in order to avoid precipitation. After
dilution, the solutionwas incubated for 1 h at room temper-
ature to allow renaturation of GST−ILA (Fig. 1, lane 11). Fur-
ther, glutathione agarose beads (0.5%,w/v, prewashed three
times with dilution buffer) were added to the GST−ILA-
containing solution. With continuous rocking, adsorption
of renaturated GST−ILA was performed for 24 h at room
temperature. Afterwards, the beads were washed twice with
dilution buffer. Elution was performed by adding 0.6 ml
elution buffer (25 mM Tris, 0.2 M NaCl, 0.25 mM EDTA,
0,02% Tween 20, 100 mM glutathione, pH 8.0) (Fig. 1, lane
12). Elution was repeated once (lane 13).
Recovery of GST−ILA was not quantitative, but the pu-
rified protein was of high purity and was functional. GST
activity was verified by a 1-chlor-2,4-dinitrobenzol (CDNB)
assay (Ref. 5; data not shown). Functionality of purified
GST−ILA protein was shown by its ability to induce expres-
sion of interleukin 8 (IL-8) mRNA (Fig. 2; J. Langstein, J.
Michl and H. Schwarz, submitted).
Our results show that recombinant proteins produced
by the baculovirus expression system are often deposited
in insoluble precipitates within insect cells. These proteins
can be recovered by a modified purification protocol well
proven in prokaryotic expression systems and can be rena-
tured to a native and functional state.
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Products Used
pAcG2T: pAcG2T from PharMingen
pVL1392: pVL1392 from PharMingen
High Five cells: High Five cells from Invitrogen
Sonorex water bath: Sonorex water bath from
Bandelin
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